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57 ABSTRACT 
A driver circuit 2 generates a pulse current on the basis 
of an electrical pulse outputted from a timing generat 
ing portion 1. A light source 3 emits a light pulse ac 
cording to the pulse current. The light pulse outputted 
from the light source 3 goes to a delay optical fiber 9 
through an optical waveguide directional coupler 4, and 
then goes to a measuring optical fiber 10. A delay cir 
cuit 11 delays a digital operation of a digital operating 
portion 7, by a time required for said light pulse to go 
back and forth in the delay optical fiber 9. 

2 Claims, 5 Drawing Sheets 

4: OPT CAL WAVEGUDE 
DIRECTIONAL COUPLER 

9: DELAY 
OPTICAL FIBER 10: MEASURING 

OPT CAL FIBER TMNG 
GENERATING 
PORTION 

DRIVER 
CIRCUIT 

L GHT 
SOURCE 

L1:CROSS TALK 
GHT 

L2:REFLECTED 
5 LIGHT LIGHT 

RECEIVER 

DIGITAL 
OPERATING 
PORT ON 

DELAY 
CIRCUIT 

DISPLAY 
PORTION 

  

  

  

  

  

  

    

  





U.S. Patent Apr. 18, 1995 Sheet 2 of 5 5,408,310 

FIG.2 
9: DELAY 10 : MEASURING 

OPT CAL FIBER OPT CAL FIBER 

A DIFFERENCE IN A MEASURED WAWEFORM OF 
THE ORIGIN OF A MEASUR ING OPT CAL 
D STANCE ACCORDING FIBER 10 
TO THE LENGTH OF 
THE DELAY OPT CAL 
FIBER 9 

  



5,408,310 Sheet 3 of 5 Apr. 18, 1995 U.S. Patent 

EIN0Z QW3C] ?N 

| 

QN003S g_0 | x | 

H0 H1C] | M W SWH ESTfld 1H5) | T W N | EHEHM LH9|| T ONI HELLWOS XOV8 40 TBABT ? 

Z LH9|| T QE 10ETl+E)}} -10 THABT ——— 

8010 -H0 ET1dWWXE Å WTdS | 0 ©IH 

8p01– 8p07– 
INCIDENT LEVEL OF LIGHT RECEIVER 5 -s- 

  







5,408,310 
1. 

OPTICAL TIME DOMAN REFLECTOMETER 
HAVING SHORTENED DEAD ZONE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an optical time do 

main reflectometer which is used in an optical fiber 
network to inspect for damage of the optical fibers. 

2. Prior Art 
The optical time domain reflectometer (OTDR) is an 

apparatus which measures a damaged point, a transmis 
sion loss or a connecting loss of an optical fiber by 
outputting a light pulse from the OTDR to a measuring 
optical fiber through an optical waveguide directional 
coupler, and by detecting a returned light pulse from 
the measuring optical fiber. 
FIG. 4 is a block diagram showing a conventional 

OTDR. In FIG. 4, a timing pulse generating portion 1 
generates an electrical pulse. A driver circuit 2 gener 
ates a pulse current according to the electrical pulse, 
and outputs the pulse current to a light source 3. The 
light source 3 generates a light pulse (laser) according 
to the pulse current. The light pulse is inputted to a 
measuring optical fiber 10 through an optical wave 
guide directional coupler 4. As a result, light such as 
backscattering light and reflected light is returned from 
the optical fiber 10 to the optical waveguide directional 
coupler 4. The returned light is transmitted from the 
optical waveguide directional coupler 4 to a light re 
ceiver 5. The returned light is then transformed to an 
electrical signal in a light receiver 5, and the electrical 
signal is amplified in an amplifier 6. The electrical signal 
from the amplifier 6 is transformed into a digital signal, 
and an operation, such as an averaging operation, is 
applied to decrease a noise in the signal in the digital 
operating portion 7. Furthermore, the digital signal is 
transformed on the basis of a logarithm, and is then 
displayed in the display portion 8. 
The back scattering light from the measuring optical 

fiber 10 is caused by a raleigh scattering light which 
accrues in the measuring optical fiber 10. The level of 
the back scattering light becomes approximately 50 dB 
lower value than the level of the inputted light pulse, in 
the case wherein the measuring optical fiber 10 is a 
single mode fiber, and the inputted light pulse has a 
width of 1x10-6 second. 
The velocity of the light pulse, when it is transmitted 

in the optical fiber, is the value which is used to divide 
an evacuated light velocity with a refractive index of a 
material of the optical fiber, and thereby the extent of 
the light puristin a length direction (along the long axis) 
of the optical fiberis obtained by producing the velocity 
and the pulse width of the light pulse. In this embodi 
ment, the extent of the light pulse becomes approxi 
mately one hundred meters in the case of the single 
mode fiber. 

In the OTDR, the extent of the light pulse in the 
length direction (along the long axis) must be a small 
value in order to improve the resolving power for mea 
surement of the distance to a damaged point. For exam 
ple, if the inputted light pulse has a width of 1 x 10-8 
second, the extent thereof will be approximately one 
meter. However, the level of the back scattering light 
becomes a low value in proportion to the pulse width, 
that is, the level of the back scattering light becomes 
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2 
approximately 70 dB lower in value than that of the 
inputted light pulse. 

Furthermore, a cross talk light (L1), which occurs in 
the optical waveguide directional coupler 4, is directly 
transmitted to the light receiver 5. A reflected light 
(L2), which occurs at an input connector of the measur 
ing optical fiber 10 via an outputted light from the opti 
cal waveguide directional coupler 4 is refracted, and is 
transmitted to the light receiver. This cross talk light 
(L1) and reflected light (L2) are supplied to the light 
receiver 6 with the back scattering light. 
The level of the cross talk light (L1) is determined by 

the efficiency of the optical waveguide directional cou 
pler 4, and, in this case, is approximately 40 dB lower 
value than that of the inputted light pulse. The level of 
the reflected light (L2) is determined by the efficiency 
of the connector, and becomes approximately 40 dB 
lower in value than that of the inputted light pulse. 
The cross talk light (L1) and the reflected light (L2) 

are supplied to the light receiver 5 at approximately the 
same time, so that both are added, and thus the level of 
light inputted to the light receiver 5 is two times the 
value thereof. 

However, in the conventional OTDR, the light re 
ceiver 5 must receive only the back scattering light 
which is approximately 70 dB lower than the inputted 
light pulse. However, the light receiver 5 receives the 
sum of the cross talk light (L1) and the reflected light 
(L2), which is approximately 40 dB lower than the 
inputted light pulse (i.e. one thousand times the intensity 
of the back scattering light), with the back scattering 
light. As a result, the light receiver 5 and the amplifier 
6 are saturated. An interval whereat the light receiver 5 
can normally receive the back scattering light after the 
above mentioned effect decreases, is called a dead zone. 
The level of the back scattering light, the level of the 

cross talk light(L1), the level of the reflected light (L2) 
and the level of the sum of the cross talk light (L1) and 
the reflected light (L2), in the case wherein the width of 
the light, pulse is 1x108 second, and the dead zone 
NT are shown as a display example of the display of the 
OTDR in FIG. 5. As shown in FIG. 5, the conventional 
OTDR has a relatively long dead zone NT, add as a 
result, it is not possible to detect damages to the optical 
fiber quickly. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide an OTDR which is used in an optical fiber 
network to check for damage of the optical fibers, hav 
ing, in particular, a short dead zone. 

In an aspect of the present invention, there is pro 
vided an optical time domain reflectometer for detect 
ing the damaged point of an optical fiber (10), wherein 
the optical time domain reflectometer supplies a light 
pulse which is outputted from a light source (3) to the 
optical fiber (10) through an optical waveguide direc 
tional coupler (4), and transmits reflected light output 
ted from the optical fiber (10) to a light receiver (5) 
through the optical waveguide direction coupler (4), 
then manipulates a signal outputted from the light re 
ceiver (5) in a digital operating portion (7), and displays 
a result of the manipulation by the digital operating 
portion (7), wherein the optical time domain reflectom 
eter comprises a delay optical fiber (9) for delaying said 
light pulse, the delay optical fiber being inserted be 
tween the optical waveguide directional coupler (4) and 
the optical fiber (10), the delay optical fiber (9) and the 
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optical waveguide directional coupler (4) being con 
nected by a melting connecting method so that no re 
flection occurs at the connection position; and a delay 
means (11) for delaying an operating timing of the digi 
tal operating portion (7) by a time required for the light 5 
pulse to go and return in the delay optical fiber (9). 

In accordance with this invention, it is possible to 
restrict the saturation phenomenon in the light receiver, 
because the cross talk light and the reflected light are 
not supplied to the light receiver at the same time. 
Therefore, it is possible to shorten and dead zone in 
which there is an interval wherein damage to the optical 
fiber cannot be measured. As a result, it is possible to 
receive the back scattering light quickly. Furthermore, 
it is possible to compensate an origin for measuring a 
distance to the damaged point of the optical fiber. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Further objects and advantages of the present inven 
tion will be apparent from the following description, 
with reference being made to the accompanying draw 
ings wherein the preferred embodiments of the present 
invention are clearly shown. 

FIG. 1 is a block diagram showing the OTDR ac 
cording to an embodiment of the present invention. 
FIG. 2 is a pictorial view showing a display example 

of the OTDR when a delay optical fiber is inserted 
therein, in this embodiment. 
FIG. 3 is a pictorial view showing a display example 

of the OTDR, wherein the OTDR compensates the 
origin of the distance via the delay circuit 1. 

FIG. 4 is a block diagram showing a conventional 
OTDR 
FIG. 5 is a pictorial view showing a display example 

of the conventional OTDR. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

FIG. 1 is a block diagram showing the OTDR ac 
cording to an embodiment of the present invention. In 
FIG. 1, a delay optical fiber 9 is inserted between the 
optical waveguide directional coupler 4 and the measur 
ing optical fiber 10. The OTDR includes of a delay 
circuit 11 to delay a timing signal, which is transmitted 
from the timing generated portion 1 to the digital oper 
ating portion 7, by a predetermined time. Accordingly, 
the digital operating portion 7 is driven by the delayed 
timing signal. 
The optical waveguide directional coupler 4 and the 

delay optical fiber 9 are connected by using a melting 
connecting method, such that no refraction occurs at 
the connected portion. The length of the delay optical 
fiber 9 is the same as, or longer than, the extent of the 
light pulse, which is outputted to the measuring optical 
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fiber 10, in the direction of the long axis. On the other 
hand, the distance between the light source 3 and the 
optical waveguide directional coupler 4, and the dis 
tance between the optical waveguide directional cou 
pler 4 and the light receiver 5 is shorter than the above 
extent. 
For example, when the light pulse has a width of 

1X 10-6 seconds, the length of the delay optical fiber 9 
is approximately one hundred meters longer than the 
distance between the light source 3 and the optical 
waveguide directional coupler 4. The delay time of the 
delay circuit 11 is the same as the required time for the 
light pulse to go back and forth in the delay optical fiber 
9. That is, the delay time of the delay circuit is 2x 10-6 
seconds in this embodiment. 
The driver circuit 2 generates a pulse current accord 

ing to the electrical pulse supplied from the timing gen 
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4 
erating portion 1, and thus, the light source 3 emits a 
light pulse. The light pulse outputted from the light 
source 3 goes to the delay optical fiber 9 through the 
optical waveguide directional coupler 4, and then goes 
to the measuring optical fiber 10. In the optical wave 
guide directional coupler 4, when the light pulse passes 
this coupler, the cross talk light (L1) occurs and is di 
rectly transmitted to the light receiver 5. However, via 
the effect of the delay optical fiber 9, the cross talk light 
(L1) Is not transmitted with the reflected light (L2) 
which occurs at the same time, at the connector of the 
measuring optical fiber 10. 
FIG. 2 shows a display example of the OTDR in this 

embodiment. As shown in FIG. 2, in this embodiment, 
the saturation phenomenon of the light receiver 5 and 
the amplifier 6, by the reflected light (L2), is restricted, 
so that the release time is shortened. As a result, the 
light receiver 5 can receive the back scattering light 
quickly. That is, it is possible to decrease the dead zone 
NT. 

Furthermore, the delay circuit 11 delays an operating 
timing of the digital operating portion 7 by the time 
required for the light to go back and forth In the delay 
optical fiber 9. Thus, when the result is displayed on the 
display portion 8 after the digital transformation of the 
averaging treatment and the logarithm transformation 
of the digital operating portion 7, the origin of the dis 
tance accords with a place on the connector between 
the delay optical fiber 9 and the measuring optical fiber 
10. As a result, a difference in the origin, according to 
the length of the delay optical fiber 9, is compensated. 
FIG. 3 shows a display example of the OTDR in FIG. 
2, in the same scale as that used in FIG. 5, in the case 
wherein the origin of the distance is compensated by the 
delay circuit 11. 
What is claimed is: 
1. An optical time domain reflectometer for detecting 

the damaged point of an optical fiber (10), wherein said 
optical time domain reflectometer supplies a light pulse 
which is outputted from a light source (3) to said optical 
fiber (10) through an optical waveguide directional 
coupler (4), and transmits reflected light outputted from 
said optical fiber (10) to a light receiver (5) through said 
optical waveguide direction coupler (4), then manipu 
lates a signal outputted from said light receiver (5) in a 
digital operating portion (7), and displays a result of said 
manipulation by said digital operating portion (7), 
wherein said optical time domain reflectometer com 
prises: 
a delay optical fiber (9) for delaying said light pulse, 

said delay optical fiber being inserted between said 
optical waveguide directional coupler (4) and said 
optical fiber (10), the delay optical fiber (9) and said 
optical waveguide directional coupler (4) being 
connected by a melting connecting method so that 
no reflection occurs at the connection position; and 

a delay means (11) for delaying an operating timing of 
said digital operating portion (7) by a time required 
for said light pulse to go and return in the delay 
optical fiber (9). 

2. An optical time domain reflectometer according to 
claim 1, wherein a length of said delay optical fiber is 
equal or more than the extent of said light pulse in the 
length direction of the long axis of an optical fiber; and 
a distance between said light source and said optical 
waveguide directional coupler, and a distance be 
tween said optical waveguide directional coupler 
and said light receiver are shorter than said extent 
of said light pulse in the direction of the long axis of 
an optical fiber. 
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